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Studies in the System Magnesia-Silica-Water at Elevated 

Temperatures and Pressures 

Elmer T. Carlson, Richard B. Peppier, and Lansing S. Wells 

The reactions between magnesia and silica under hydrothermal and pneumatolytic 
conditions were investigated. Chrysotile and talc were produced, depending on the ratio 
of the reacting oxides. The chrysotile was submicroscopic but was shown by the electron 
microscope to have a fibrous structure. Chrysotile and talc were likewise prepared from 
mixtures of magnesium carbonate and silica. The same products were obtained by the 
action of silica in the vapor phase on solid magnesia. A detailed study of this method was 
made, and the effects of temperature, pressure, time, pH, and oxide ratio on the amount 
of silica transported were determined. The overall rate of transport was found to increase 
with temperature, pressure, and pH. 



1. Introduction 

The system MgO-Si0 2 -H 2 has been the subject 
of extensive study by a considerable number of 
investigators over a period of many years. This 
widespread interest is in part due to a desire to 
explain the mechanism of the formation in nature of 
the various hydrated magnesium silicate minerals, 
particularly serpentine. Probably a stronger motive 
for much of the research has been the hope of 
developing a method for the practical synthesis 
of serpentine in its fibrous form, chrysotile, which is 
the most important of the asbestos minerals. 

The various terms applied to the serpentine 
minerals are not used in the same way by all investi- 
gators. In this report no attempt will be made to 
justify the terminology employed, but the mineral 
names will be used in accordance with what appears 
to be most common usage. The word serpentine 
will be applied in general to the mineral or to 
synthetic preparations having the approximate 
composition 3MgO-2Si0 2 -2H 2 0. The terms chry- 
sotile and antigorite will be applied respectively to 
the fibrous and the platy crystalline forms of ser- 
pentine. These two forms presumably differ in 
their internal structure, but the X-ray patterns that 
have been published have many features in common, 
and often are not free from ambiguity. 

Magnesia and silica have been found to combine 
readily in the presence of water vapor, especially at 
elevated temperatures and pressures. Among the 
products obtained is a compound having the chemical 
composition of chrysotile, but never its fibrous habit, 
so far as can be seen with the light microscope. 
Bowen and Tuttle [l], 1 in their study of the system 
MgO-Si0 2 -H 2 0, showed by differential thermal 
analysis, and other means, that this actually is 
chrysotile. Electron photomicrographs showed that 
the crystals were definitely rod shaped. These 
authors also showed that chrysotile may be formed at 
temperatures below 500° C, but not above, and at 
pressures from 2,000 to 40,000 lb /in 2 . 

i Figures in brackets indicate the literature references at the end of this paper. 



One of the ultimate objects of the present work was 
the preparation of chrysotile fibers of larger size. 
This attempt proved unsuccessful, but some of the 
information obtained appears of sufficient value to 
be recorded. 

As a preliminary step in this investigation, an 
exhaustive search was made of the literature per- 
taining to asbestos, as well as to the system MgO- 
Si0 2 -H 2 and related subjects. A bibliography of 
selected references has been compiled. 2 

2. Experimental Studies 
2.1. Solubility of Magnesia 

As a starting point it was considered desirable to 
know the solubility of the reactants at elevated 
temperatures. The solubility of silica in water has 
already been investigated thoroughly over the range 
from 6° to 425° C, and at pressures up to 1,250 atm. 
The available data being adequate, no further work 
was done in this field. 

The situation with respect to magnesia is quite 
different. A considerable number of investigations 
of the solubility of magnesia at and near room tem- 
perature have been made, but the data vary over a 
wide range. It has Deen shown that the solubility of 
magnesia varies with the temperature at which it was 
prepared, and varies also if it was prepared at a 
given temperature from different materials. Gjald- 
baek [2], in 1925, concluded that there is an unstable, 
soluble form of Mg(OH) 2 which first forms and is 
quickly converted to a stable, less soluble form. 

There appears to have been only one investigation 
of the solubility of Mg(OH) 2 in the absence of C0 2 
and at temperatures above the melting point of 
water. This is the work of Travers and Nouvel [3] 
in 1929, wherein the solubility of Mg(OH) 2 was 
investigated in the range from 0° to 200° C. The 
description of their method is very brief, and nothing 
is said about filtration of high-temperature solutions. 
It therefore seemed advisable to investigate the 

*A limited number of single ""pies are available from the authors. 
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O DATA OF THIS INVESTIGATION 
• DATA OF TRAVERS 8 NO* 'VEL 




Table 1. Solubility of Mg(OH) 2 in water at various 
temperatures 



TEMPERATURE IN DEGREES C 

Figure 1. Solubility of magnesia in water at various tempera- 
tures. 

solubility of magnesia over as wide a temperature 
range as possible. 

The solubility determinations were made on the 
same MgO that was used in subsequent synthesis 
experiments. It was of laboratory quality and had 
been previously ignited for 1 hr at 1,000° C. It 
was found to contain 0.2 percent of extraneous 
soluble salts. A series of solubility determinations 
were also made on another portion of this same 
MgO that had been extracted with water and that 
had not been previously ignited. The values ob- 
tained with this MgO were slightly but consistently 
lower than those obtained with the ignited and 
unwashed MgO. 

The water used in each case was ordinary distilled 
water, the C0 2 content of which had been decreased 
by boiling and bubbling C0 2 -free air through it. A 
few determinations were made, using water that had 
not been treated in this fashion, and the solubilities 
thus obtained were consistently slightly higher. 

Solubility determinations were made at seven 
different temperatures in the range 30° to 250° C. 
The determinations at temperatures under 100° C 
were made in rubber-stoppered polyethylene bottles, 
that were stored, with occasional] shaking, in elec- 
trically heated ovens maintained at the desired 
temperature. Portions of these solutions were taken 
from time to time and analyzed until a value was 
obtained that did not change for several days. The 
MgO was determined by titration against standard 
HC1, using methyl red as an indicator. 

For the determinations at temperatures above 
100°, use was made of an autoclave of special design 
described in an earlier paper [4]. This autoclave 
was of stainless steel, with a capacity of 2 liters, and 
was fitted with a Munroe filter, which permitted 
filtration of the solution before the autoclave was 
opened. Aliquots were analyzed as described above. 

The data are presented in table 1 and plotted in 
figure 1. The solubility was found to decrease 
steadily from 2.1X10" 4 mole per liter at 30° to 
1X10" 5 mole per liter at 250°. 



Experiment 


Type of MgO 


Temper a- 
ture 


Time 


Solubility 
as Mg(OH) 2 


1 

2- 


Washed. ... _. 


° C 
30 
30 
60 
60 
110 
130 
180 
200 
245 


Days 
10 

4 

9 

7 
10 
12 
10 
10 
10 


Millimolej Liter 
0.21 
.28 
.14 
.16 
.10 
.08 
.05 
.04 
.01 


Ignited 

Washed 

Ignited 

do 

do- 


3 

4- 


5 

6-_ 


7- 


do... 


8 


do- 


9- 


do- 







In the determinations at 30° and at 60° C there 
was an initial supersaturation lasting about a day. 
When a series of samples at 30° C were tumbled 
continuously on a suitable mechanical tumbler, the 
duration of the period of supersaturation was greatly 
reduced but the magnitude remained about the same. 
Because the actual shape of the solubility-versus- 
time graphs is a function of technique used, they are 
not reproduced in this paper. 

At the lowest temperatures there was an appreci- 
able difference between the data obtained for the 
washed and for the unwashed ignited magnesia. As 
the temperature increased, the difference decreased; 
accordingly, at temperatures above 100° C, only one 
kind, the ignited MgO, was used. 

In the temperature range 100° to 250° C the 
solubility of magnesia steadily decreases (fig. 1). 
The smallest value, 1X10 -5 mole/liter, is the limit of 
usefulness of this method of analysis, for thereafter 
the area of confusion in the end point is of the same 
order of magnitude as the titration. 

The data of Travers and Nouvel [3] are also 
plotted in figure 1. It may be observed that their 
data are of the same order of magnitude as those 
obtained in this investigation, but consistently 
lower. Because these investigators do not describe 
the magnesia they used nor what precautions, if any, 
were taken to remove C0 2 from the solutions, one 
cannot comment on this difference. 

For the purpose of this investigation it was not 
considered desirable to extend these solubility deter- 
minations to higher temperatures. It is apparent 
that the solubility of Mg(OH) 2 will become immeas- 
urably small before even the minimum temperature 
of the subsequent synthesis experiments is reached. 

2.2. Synthesis Experiments 

a. Materials and Methods 

For most of the experimental work the magnesia 
used was reagent quality magnesium oxide. This 
was found to be hydrated to a considerable, and 
variable, extent. Calcium in soluble form was 
found to be present to the extent of 0.17 percent, 
expressed as CaO. No attempt was made to deter- 
mine the actual calcium compounds present. It 
was not considered necessary to purify the magnesia 
further by extraction with water. Failure to do so, 
however, gave rise to some confusing results, to be 
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described later. The magnesia was used either in 
the partially hydrated state or after ignition at 
selected temperatures. 

For a few experiments, reagent quality magnesium 
carbonate was used. Analysis indicated that it was 
actually the basic carbonate, hydromagnesite 
(3MgC0 3 .Mg(OH) 2 .3H 2 0). 

Several forms of silica, including silica gel, pow- 
dered flint, and quartz, were used. For the majority 
of the experiments the silica was present as reagent 
grade silicic acid. Ordinary distilled water was used. 

Pressure bombs of the Morey type served as reac- 
tion vessels. These were made of stainless steel, and 
had an average capacity of about 18 ml. They were 
heated in vertical-tube resistance furnaces with pyro- 
metric control, using iron-cons tan tan couples. In 
most cases the fluctuation in temperature over a 
period of a week was within a 4-deg range. Pressure 
was neither independently controlled nor directly 
measured. The values given for pressure in tables 
2,3, and 4 were calculated from the temperature and 
the ratio of the quantity of water to the volume of 
the vessel. The charge was placed in a small plati- 
num crucible supported above the bottom of the 
bomb. For the vapor- transport experiments, only 
the magnesia was placed in the crucible, the silica 
being put in the bomb cavity beneath. In these 
cases the crucible was left uncovered, and as a rule 
no water was added directly to the magnesia. Ex- 
cept where otherwise stated, the quantity of water in 
the bomb was approximately the amount that would 
be completely converted to steam just below the 
critical temperature. 

After removal from the furnace, the bomb was 
cooled in air, in front of a fan, and opened. The 
charge was then dried at about 110° C, and examined 
under the polarizing microscope. X-ray diffraction 
analysis and other tests were then made, if desired. 
X-ray patterns were made on an X-ray Geiger- 
counter diffractometer, using copper K« radiation. 

b. Experiments with Mixtures of Magnesia and Silica 

Several series of experiments were conducted on 
intimate mixtures of magnesia and silica, both in the 
3:2 molar ratio required for serpentine and in the 
3:4 ratio of talc. Data for a few of these experiments 
are presented in table 2, the rest having been omitted 
because they contributed no additional information 
of significance. 

The reaction products always appeared amorphous 
when viewed under the microscope, except that there 
was often some birefringence, especially in products 
formed at the higher temperatures and in the more 
siliceous mixtures. The index of refraction was 
close to 1.56 in all cases. By means of X-ray 
diffraction patterns it was shown that crystalline 
material was produced. After 1 day at 200° C, a 
mixture of magnesia and silicic acid in 3:2 molar 
ratio gave a very weak diffraction pattern with 
diffuse bands. Higher temperatures and longer 
heating periods resulted in stronger patterns. After 
7 days at 250°, a strong pattern was|obtained, and 
similar results were found at higher temperatures. 



Table 2. Data of hydroxhormal experiments on mixtures 
of magnesia and silica 



Experi- 
ment 


MoLir 

ratio 

MgO:Si0 2 


Initial state 
of MgO 


Tem- 
pera- 
ture 


Pres- 
sure 


Time 


Product 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10---- 

11-.-- 
12--.- 
13..-- 
14-.-- 


3:2 

3:2 
3:2 
3:2 
3:2 

3:2 
3:2 

3:2 
3:2 

3:4 

3:4 
3:4 
3:4 
3:4 


MgO 

do 

do 

do 

do 

do 

MgC0 3 * 

do 

MgCOs- 

3H 2 0b 

MgO 

do 

do 

MgC0 3 a 

do 


°C 

200 

250 
300 
380 
412 

470 

348 

373 
404 

301 

368 
422 
299 
419 


df in 
15 

39 

85 

235 

315 

365 
159 

215 
300 

86 

203 
315 

84 
310 


I hi UK 

i 

7 

7 
7 
4 

3 

7 

5 
13 

7 

7 
7 
7 

7 


Chrysotile (diffuse 
X-ray pattern). 
Chrysotile. 

Do. 

Do. 

Do. 

Do. 
Chrysotile; a little 

MgCOs. 
Chrysotile. 

Do. 

Talc. 

Do. 
Do. 
Do. 
Do. 



a Reagent quality magnesium carbonate, found l>\ analysis to be basic magne- 
sium carbonate (hydromagnesite, 3MgC03-Mg(OH)2-3H < >). 
b Synthetic. 

In these cases the pattern was essentially identical 
with one given by a specimen of natural chrysotile 
asbestos. 

Similar results were obtained when magnesium 
carbonate was substituted for magnesium oxide in 
the mixtures. The silica displaced the C0 2 from the 
carbonate. 

Mixtures of magnesia and silica in 3:4 ratio 
produced talc at all temperatures tried. 

In a series of experiments with the 3:2 mixture, 
very small amounts of various other substances were 
added . These included compounds of various metals 
that are known to occur in natural serpentine, also 
ammonia, ammonium salts, volatile acids, and 
NaOH. In no case was there any evidence of fibrous 
structure in the product. 

c. Vapor Transport Experiments 

It has been shown that silica is appreciably soluble 
in water-vapor, both above and below the critical 
temperature. Syn thesis of serpentine through the 
action of vapor-borne silica on Mg(OH) 2 has been 
reported by Syromyatnikov [5] and van Nieuwenburg 
[6]. It appeared desirable to make a study of this 
method of synthesis, with special attention to the 
effect of temperature and various other conditions 
on the rate of transport of silica. 

For these experiments a weighed quantity of 
MgO was placed in a small open crucible supported 
near the top of the bomb chamber, and the silica 
and water were placed in the bottom of the chamber. 
After the desired period of heating, the crucible and 
contents were removed, dried, ignited at 1,100° C, 
and weighed. The increase in weight was ascribed 
to Si0 2 . In one case the silica was determined by 
actual analysis, with good agreement as to results. 

An attempt was made to evaluate separately the 
effects of relative proportion of the oxides, tempera- 
ture, pressure, and pH on the rate of transport of 
silica to the magnesia. In order to accomplish this, 
it was first necessary to determine whether the 
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Table 3. Silica-transport isotherms 



10 12 14 16 18 

TIME IN DAYS 



20 22 24 26 



Fig 13 



re 2. Effect on silica transport of varying the initial 
ratio of silica to magnesia. 



results were reproducible. This was found to be 
the case, within reasonable limits, provided all 
experimental conditions were fixed. Results ob- 
tained in one furnace did not always agree with 
those obtained in a different furnace. Specifically, 
two of the furnaces were found to give results differing 
widely from all the others. This is believed to be 
due to a difference in temperature gradient. In the 
majority of the furnaces the temperature at the base 
of the bomb was found to be about 2 deg higher 
than that at the top. The two exceptions mentioned 
above appeared to have a slight gradient in the 
opposite direction. In these, the transport of silica 
was negligible. The data recorded below represent 
experiments in five furnaces giving reasonably 
concordant results. 

d. Effect of proportion of oxides. 

A temperature of 380° C was arbitrarily chosen 
and a series of determinations made, using the 
apparatus and techniques described earlier. Using 
three initial proportions of silica to magnesia, namely, 
10 to 1, 5 to 1, and 1 to 1, and in all cases, 4 g of 
water in the bombs, the amount of silica transported 
to the magnesia was determined at various times. 
The results obtained are shown in table 3 and 
figure 2. 

The spread of the values shown in figure 2 is 
within the limits of experimental error, and it is 
therefore concluded that, providing a certain mini- 
mum amount of silica is present, the transport of 
silica to magnesia is independent of the relative 
amounts of silica and magnesia. The amount of 
silica used in all cases was sufficient to cover the 
bottom of the bomb. It may be that the available 
surface area of the silica is a significant factor, but 
this was not investigated. It was observed that the 
smaller the absolute amount of silica initially present, 
the greater was the weight percent of it that was 
transported under the same conditions of temper- 
ature and time. This is to be expected. 



Experi- 
ment 



Time 



Weight of 
Si0 2 



Weight of 
MgO 



Initial 

Si0 2 / 

MgO, 

by weight 



Weight of 

Si0 2 
transported 



Si0 2 /MgO 
in proluct 
by weight 



(1) 360° C isotherm. Pressure 189 atm. 



1_. 
2.. 
3- 
4.. 

5-. 
6.. 
7- 
8.. 
9 . 
10 
11 
12 
13 
14. 
15 
If, 
17. 
18. 

11! 

20. 
21. 

22. 
23. 

21. 
25. 
26. 
27. 
28. 
29. 
30 

31 
32 
33 
34. 
35. 



Days 


Q 


Q 




Q 


2 


0. 9845 


0. 0981 


10.04 


0.0183 


7 


.9874 


.1112 


8.88 


.0400 


14 


.9830 


.0789 


12.46 


.0421 


21 


.9838 


.0864 


11.38 


.0946 



0.19 
.36 
.53 

1.09 



(2) 380° C isotherm. Pressure 235 atm. 



1 


1.0036 


0.1046 


9.59 


0. 0267 


1 


.9994 


.100 


9.99 


.0265 


1 


.100 


.1150 


.87 


.0080 


1 


.500 


.0965 


5.18 


.0170 


3 


1.0000 


.100 


10.00 


. 0650 


7 


1.0038 


.1027 


9.77 


.0848 


7 


.5036 


.100 


5.04 


. 0851 


7 


.1022 


.100 


1.02 


.0760 


7 


.4834 


.100 


4.83 


.0945 


14 


1.000 


.1077 


9.29 


.1078 


14 


. 5052 


.100 


5.05 


.100 


14 


1.000 


. 0960 


10.42 


.1085 


14 


1.000 


. 0965 


10.39 


.1006 


21 


1.0007 


.1060 


9.44 


.1311 


21 


.100 


. 0994 


1.01 


.0971 


21 


.500 


.0990 


5.05 


.1130 


28 


.9961 


.0933 


10.67 


.1597 



0.25 

.26 

.08 

.18 

.65 

.83 

.85 

.76 

.94 

1.00 

1.00 

1.13 

1.04 

1.24 

.98 

1.10 

1.71 



(3) 400° C isotherm. Pressure 274 atm. 



1 


0. 9910 


0. 0892 


11.14 


0. 0107 


3 


. 9995 


. 0909 


11.00 


.0304 


8 


1.000 


.0988 


10.12 


.0837 


8 


1.000 


.1067 


9.37 


.0864 


8 


.9757 


. 0960 


10.16 


.0564 


12 


1.000 


.1052 


9.51 


.1092 


14 


1.000 


.0957 


10.45 


.1118 


14 


.9963 


.0934 


10.66 


.1183 


21 


1.000 


.0957 


10.45 


.1434 



0.12 
.33 
.85 
.81 
.59 
1.04 
1.17 
1.26 
1.50 



(4) 420° C isotherm. Pressure 312 atm. 



3 


0. 9628 


0. 0987 


9.75 


0. 0328 


9 


.9833 


.0930 


10.57 


.1091 


14 


.9849 


.0968 


10.17 


.1385 


21 


1.000 


.1037 


9.64 


.1553 


21 


1.000 


.0970 


10.31 


.1583 



0.33 
1.17 
1.43 
1.50 
1.63 



It was further observed that, within the limits of 
these experiments, the identities of the reaction 
products of the magnesia and the transported silica 
were not a function of the initial proportions of 
silica and magnesia. These reaction products are 
discussed later. 

Effects of time and temperature. Four temperatures 
were arbitrarily chosen, namely, 360°, 380°, 400°, 
and 420° C, and determinations were made of the 
silica transported to magnesia after 3, 7, 14, and 21 
days at each of these temperatures. 

The initial proportion of silica to magnesia was 
10 to 1 in each case, and the bomb contained 4 g of 
water. Because the amount of water used was con- 
stant, the pressures that obtained in the bombs 
varied with the temperature and also in the case of 
the postcritical temperatures with the ratio of the 
volume of water to that of the bomb cavity. The 
bombs used were fairh^ uniform in capacity, and 
for this work were considered identical. Each iso- 
therm then had its ow r n characteristic pressure. 
These pressures were, for the four temperatures of 
360°, 380°, 400°, and 420°, respectively, 189, 235, 
274, and 312 atm. 
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12 14 16 18 20 22 24 26 28 
TIME IN DAYS 



Figure 3. Silica transport af various temperatures. 

The data obtained from these experiments are 
presented in table 3 and figure 3. In figure 3 it may 
be observed that the amount of silica transported 
increases with increasing time at each temperature 
and that it increases with increasing temperature. 
It may further be observed that the three post- 
critical isotherms are of the same type, showing 
rapid early transport of silica relative to the trans- 
port at the one precritical temperature. The iden- 
tity of the reaction products between the magnesia 
and the transported silica is not a function of temp- 
erature in this range. These will be discussed later. 

Effect of pressure. A temperature of 420° C and 
a time of 14 days were arbitrarily chosen to study 
the effect of pressure on silica transport. The same 
apparatus and techniques previously described were 
used. The pressure was varied from 15 to 600 atm 
by varying the degree of filling of the bomb with 
water. The actual values of the pressure under 
these varying circumstances were obtained by inter- 
polation in the tables given by Van Nieuwenburg 
and Blumendal [7]. It was found that at pressures 
above 330 atm, in the particular equipment that was 
used, the transport of extraneous material from the 
bombs and metal gaskets made it impossible to 
obtain quantitative data. For this reason, data 
obtained at pressures above 330 atm are not included 
in this report. 

The results of these determinations are presented 
in table 4 and figure 4. Referring to figure 4, it 
may be observed that the amount of silica trans- 
ported at 420° C increases with increasing pressure, 
gradually at first, then very rapidly in the pressure 
range of 200 to 300 atm, after which it begins to 
level off. 

The distribution and proportions of the reaction 
products depend on the amount of silica transported 
and consequently on pressure, temperature, and time, 
but the identity of these products is not a function 
of these variables in the ranges investigated. 

These reaction products were examined with the 
petrographic microscope, and X-ray powder patterns 
were made of samples taken from different depths in 



O 100 200 300 

PRESSURE IN ATMOSPHERES 

Figure 4. Effect of pressure on silica transport at a constant 
temperature of \20° C and a contsant time of 14 days. 

Table 4. Effect on silica transport of varying ike pressure 
at constant temperature of 1+20° C and constant time of l/ f 
days 



Experi- 
ment 


Weight 

of silica 


Weight 
ol MTgO 


Initial 

Si0 2 / 

MgO, by 

weight 


Weight 
of H 2 


Pressure 


Weight 
of silica 
trans- 
ported 


Si0 2 / 
MgO in 
product, 

by 
weight 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Q 
1.1195 
1.1100 
1.1218 
1.0006 
1.1108 

1. 1360 
0. 9694 
. 9735 
.9993 
.9849 

.9985 
1. 1300 


9 
0.1072 
.1142 
.0899 
.0910 
.0903 

.0976 
.1040 
.0990 
.0960 
.0968 

. 1053 
.1056 


12.19 
12.61 
12.58 
10.99 
12.64 

12.25 
10.05 
8.03 
10.41 
10.17 

9.48 
12.35 


g 

0.10 
.50 
1.00 
1.00 
1.50 

2.00 
2.50 
3.00 
3.50 
4.00 

5.00 
5.00 


atm 
15 
76 
140 
140 
195 

234 
266 
286 
303 
312 

332 
332 


<7 
0. 0002 
.0145 
. 021 6 
. 0253 
.0246 

.0552 
. 0964 
.1212 
.1335 
.1385 

.1555 
.1493 


O.OO 

.13 
.24 
.28 
.27 

.56 

.93 

1.22 

1.39 

1.43 

1.48 
1.41 



the platinum thimble containing the charge. Only 
three compounds were formed, namely, chrysotile, 
talc, and brucite. 

In general, talc predominated in the silica-rich 
surface of the reaction product, and its proportion 
increased with increasing amount of silica trans- 
ported. The chrysotile occurred as microcrystals 
visible under the electron microscope only, but 
giving a sharp X-ray diffraction pattern. Brucite 
always predominated in the bottom half of the re- 
action product and sometimes also in the upper 
half, depending on the amount of silica that had been 
transported. In the investigation of effect of pres- 
sure at 420° C, it was found that the proportion of 
talc and chrysotile in the bottom half of the reaction 
product was greater at lower pressures. 

Effect of pH. The effect of increasing the pH on 
the transport of silica to magnesia was investigated 
at 420° C and a constant period of 14 days. In each 
case the proportion of silica to magnesia initially 
present was 10 to 1, the absolute amounts being 1 
and 0.1 g, respectively, and the amount of water 
present was 4 g. 
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The pH was not measured as such but was varied 
by adding increasing proportions of NaOH to the 
silica initially present. The experiments were other- 
wise identical with those previously described. It 
was found that the transport of silica was not 
affected until the molar ratio of NaOH to silica 
initially present was about 0.15 and that the amount 
of silica transported thereafter increased with in- 
creasing NaOH. When the initial NaOH to silica 
molar ratio was 0.32, the amount of silica transported 
had increased about 64 percent over what was trans- 
ported under the same conditions without any 
NaOH being present. 

The NaOH appeared to have no effect on the re- 
action product other than what could be expected by 
increasing the amount of silica transported, that is, 
increasing the proportion of talc. 

Because of experimental difficulties involved in 
accurately weighing NaOH and because pH cannot 
be directly measured under these conditions, only 
a few determinations were made. 

Effect of calcium 'present as an impurity. During 
some preliminary experiments on this method of 
synthesis, a new crystalline product was observed, 
and the same material was found in minute quan- 
tities in a considerable number of later preparations. 
It consisted of slender, flexible fibers, occasionally 
2 mm or more in length. The refractive indices, 
1.584 to 1.594, were somewhat higher than those 
usually given for chrysotile, although the values 
found in the literature vary over a wide range. 
Because of the possibility that these crystals might 
be chrysotile, a great deal of work was done in an 
attempt to increase the yield. At the same time, 
it was suspected that the fibers might prove to be 
the hydrated calcium silicate, xonotlite, because the 
refractive indices were about right for this com- 
pound. Addition of small quantities of lime to the 
magnesia appeared to have no effect. However, an 
increased yield of the fibrous crystals was obtained 
by substituting dolomitic lime for the magnesia, but 
the amount was still too small for identification. 
After much futile experimentation, a product was 
obtained containing a few tenths of a milligram of 
the fibrous crystals, which could be separated me- 
chanically from the rest of the material. X-ray 
analysis proved them to be xonotlite. Although it 
was known that the magnesia contained some cal- 
cium (equivalent to 0.17 percent of CaO), the amount 
of the latter was so slight that the formation of cal- 
cium silicate crystals of conspicuous size was some- 
what surprising. It was estimated that the calcium 
must have been quantitatively converted in order to 
account for the amount of xonotlite produced. 

Miscellaneous experiments. The experiments dis- 
cussed above were designed to bring out in a syste- 
matic manner the effects of varying certain experi- 
mental conditions. A variety of other experiments 
were performed, in a qualitative way, in an attempt 
to promote the growth of crystals of chrysotile of 
larger size. For example, the magnesia was made 
into a paste and coated on the crucible or on other 
supports of various shapes. Again, the period of 



hydrothermal treatment was increased to 45 days. 
Traces of various acids and of compounds of various 
metals were added, both to the silica and to the 
magnesia. In no case were any microscopically 
visible crystals of chrysotile produced. 

Silica in the vapor phase was found to react with 
magnesium carbonate at 380° C, with formation of 
chrysotile and talc. Natural serpentine was parti- 
ally altered to talc by exposure to siliceous vapor 
for 7 days at 380°, but not at 350°. Under similar 
conditions, at 380°, olivine showed evidence of 
surface attack. 

In another series of four experiments, an attempt 
was made to increase the size of fragments of natural 
chrysotile asbestos fibers. Bundles of fibers were cut 
to a length of about 0.03 inch and treated hydro- 
thermally under four conditions: (a) on the surface 
of a bed of MgO; (b) imbedded in MgO; (c) imbedded 
in a mixture of MgO and Si0 2 in 3:2 ratio; (d) packed 
into cavities in magnesite. Treatment was for 14 
days at 420° C, with 3 g of water in the bomb; 
other conditions were as described previously for the 
vapor-transport experiments. No change in the size 
or appearance of the chrysotile fibers was observed. 

3. Summary 

Magnesia and silica in 3:2 ratio were found to 
combine under hydrothermal conditions at tempera- 
tures as low as 200° C. X-ray and electron micro- 
scope studies showed that the product was chrysotile, 
but the fibrous crystals were too small to be distin- 
guished as such by light microscopy. 

Chrysotile, together with talc, was also formed by 
the action of siliceous vapor on magnesia. Condi- 
tions governing the rate of transport of the silica 
were worked out in considerable detail. The rate 
was found to increase with temperature and pres- 
sure and also with the initial pH. No improvement 
in crystal size resulted from this method of synthesis. 

Siiica was found to displace C0 2 from MgC0 3 
under hydrothermal conditions at 380°. 



The X-ray diffraction patterns were prepared by 
B. M. Sullivan and G. M. Ugrinic, of the Constitu- 
tion and Microstructure Section. Their valuable 
assistance is acknowledged with thanks. 
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